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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to absorbable liquid co- 5 
polymers of e-caprolactone and lactide. More specifical- 
ly, it relates to liquid copolymers of caprolactone and lac- 
tide suitable for use in biomedical applications such as 
drug delivery, coatings for surgical sutures and needles 
and lubricants for medical devices. 10 

BACKGROUND OF THE INVENTION 

[0002] Pharmaceuticals have been conventionally 
administered, either in oral or parenteral dosage forms. 15 
However, these dosage forms are not always well suited 
for particular drugs or prolonged drug therapies. Many 
pharmaceuticals cannot be administered orally and pa- 
tient noncompliance with dosage instructions is also a 
significant problem with oral dosage forms. To over- 20 
come these and other short comings of these dosage 
forms several new dosage forms have recently been de- 
veloped. 

[0003] The most notable recent development has 
been the use of bioerodible or bioabsorbable polymer 25 
matrices as carriers for implantable or intrauterine de- 
vices. Several publications describe these materials 
such as U.S. Patent 4,304,767 to Heller et a!., "Biode- 
gradable block copolymer matrices for long-acting con- 
traceptives with constant release" J. Contr. Rel. 32 30 
(1992) 3-14 by Z.W. Gu et a!., and U.S. Patent 5,030,457 
to Ng. 

[0004] Heller describes a family bioabsorbable poly 
(ortho esters) which may be used as a matrix for con- 
trolled drug release. The polymers Heller et al. de- 35 
scribes are synthesized by reacting a polyol with a diket- 
ene acetal. The polymers produced by this synthesis 
tend to be rigid because of the pentaerythritol segments 
in the polymer backbone. Unfortunately, this limits the 
use of these polymers to solid implants which generally w 
must be surgically implanted. 

[0005] Similarly, Gu et al. describes hard micro- 
spheres triblock copolymer of poly(e-caprolactone-co- 
DL-lactide-co-glycolide) for the controlled release of 
contraceptives. The microspheres that Gu et al., de- 45 
scribes are designed to be injected thereby avoiding the 
need to surgically implant a solid dosage. Unfortunately, 
these copolymers must be formed into microspheres 
and the kinetics of the pharmaceutical release are com- 
plicated by the different release mechanisms of the in- 50 
dividual blocks of the triblock copolymer. 
[0006] Ng describes a bioerodible polymer poly(ortho 
ester) formed from a one step reaction of a ortho ester 
and a triol. These polymer are more flexible than the pol- 
ymers described by Heller and can be employed in oint- 55 
ments, gels and creams. Unfortunately the poty(ortho 
esters) described by Ng are highly susceptible to acid 
hydrolysis which limits their utility as a carrier for acidic 



pharmaceuticals. 

[0007] EP-A-509203 discloses copolymers prepared 
by reaction of lactide to a second monomer e.g. capro- 
lactone, valerolactone, decalactone or hydroxybutylic 
acid whereby the molar ratio of lactide is from 95 to 70 
and of the second monomer is from 5 to 30 and that 
dependent on the molar ratio of the monomers the co- 
polymers are from highly viscous to solid compounds. 
[0008] Thus it would be a significant contribution to 
the art to provide a bioabsorbable polymer that is easy, 
to administer and slowly hydrolyses as it releases a 
drug. 

SUMMARY OF THE INVENTION 

[0009] In one aspect, the invention is a pharmaceuti- 
cal carrier comprising a random copolymer of from 55 
to 70 percent by mole lactide and from 45 to 30 mole 
percent e-caprolactone. These liquid copolymers may 
be used as carriers for a variety of pharmaceutical com- 
pounds. 

[001 0] The copolymers of this invention are also use- 
ful for other biomedical applications. For example, the 
copolymers may be used as coatings for surgical su- 
tures, surgical needles or as lubricants for medical de- 
vices such as trocars. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The random copolymers of this invention are 
composed of lactide and e-caprolactone within a range 
suitable to provide a liquid at room temperature. The 
amount of lactide contained in the copolymer carriers of 
this invention will be in the range of from about 55 to 
about 70 mole percent and the amount of e-caprolac- 
tone will be in the range of from about 45 to 30 mole 
percent of the copolymer (where the total of the mole 
percents is 1 00). Preferably, the amount of lactide in the 
copolymer will be in the range of from 55 to 65 mole 
percent and the amount of e-caprolactone will be in the 
range of from 45 to 35 mole percent (where the total of 
the mole percents is 100). 

[0012] The copolymer carriers of this invention are 
typically characterized by being liquids at room temper- 
ature (25°C). The copolymers of the present invention 
have an intrinsic viscosity as determined in a 0.1 g/dl 
solution of hexafluoroisopropanol (HFIP) at 25°C rang- 
ing from about 0.05 to less than 0.8, preferably from 
about 0.05 to about 0.3 and most preferably from 0.05 
to 0.2. A copolymer with an intrinsic viscosity below 0.05 
may fail to significantly impart a controlled release pro- 
file to a pharmaceutical, and a carrier copolymer with an 
intrinsic viscosity above 0.8 may be too viscous to be 
easily administered. 

[0013] The copolymers of this invention may be mixed 
with one or more therapeutic agents. The preferred dos- 
age forms for the copolymer of the invention are sus- 
tained release parenterals, bioerodible ointments, gels, 
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creams, and similar soft dosage forms adapted for the 
parenteral or topical administration of therapeutic 
agents, other modes of administration (e.g., transder- 
mal) and compositional forms (e.g., more rigid transder- 
mal forms) are within the scope of the invention as well. 
[0014] Parenteral administration of a bioerodible 
composition of the invention can be effected by either 
subcutaneous, or intramuscular injection. Parenteral 
formulations of the copolymer may be formulated by 
mixing one or more pharmaceuticals with a liquid copol- 
ymer. Other suitable parenteral additives may be formu- 
lated with the copolymer and pharmaceutical active, 
however, if water is to be used it should be added im- 
mediately before administration. The bioerodible oint- 
ment, gel or cream may also be injected as is or in com- 
bination with one or more suitable auxiliary components 
as described below. Parenteral delivery is preferred for 
administration of proteinaceous drugs such as growth 
factors, or growth hormone. 

[001 5] The bioerodible ointments, gels and creams of 
the invention will include: an ointment, gel or cream base 
comprising one or more of the copolymers described 
herein and a selected therapeutic agent. The therapeu- 
tic agent, whether present as a liquid, a finely divided 
solid, or any other physical form, is dispersed in the oint- 
ment, gel or cream base. Typically, but optionally, the 
compositions include one or more other components, e. 
g., nontoxic auxiliary substances such as colorants, dilu- 
ents, odorants, carriers, excipients, or stabilizers. 
[001 6] The amount of active agent will be dependent 
upon the particular drug employed and condition being 
treated. Typically the amount of drug represents about 
0.001% to about 70%, more typically about 0.001% to 
about 50%, most typically about 0.001% to about 20% 
by weight of the total composition being common. 
[0017] The quantity and type of copolymers incorpo- 
rated into the parenteral, ointment, gel, cream, is varia- 
ble. For a more viscous composition, a higher molecular 
weight polymer is used. If a less viscous composition is 
desired, a lower molecular weight polymer can be em- 
ployed. The product may contain blends of the liquid or 
low melting point copolymers to provide the desired re- 
lease profile or consistency to a given formulation. 
[0018] While not essential for topical or transdermal 
administration of many drugs, it may in some cases, with 
some drugs, be preferred that a skin permeation en- 
hancer be coadministered therewith. Any number of the 
many skin permeation enhancers known in the art may 
be used. Examples of suitable enhancers include 
dimethylsulfoxide (DMSO), dimethylformamide (DMF), 
N,N-dimethylacetamide (DMA), deslymethylsulfoxide 
(C 10 MS)), ethanol, eucalyptol, lecithin, and the 1-N-do- 
decylcyclazacycloheptan-2-ones (available under the 
trademark Azone ©from the Nelson Research and De- 
velopment Company, Irvine, California). 
[0019] The variety of different therapeutic agents 
which can be used in conjunction with the copolymers 
of the invention is vast. In general, therapeutic agents 



which may be administered via the pharmaceutical com- 
positions of the invention include: antiinfectives such as 
antibiotics and antiviral agents; analgesics and analge- 
sic combinations; anorexics; anthelmintics; antiarthrit- 
5 ics; antiasthmatic agents; anticonvulsants; antidepres- 
sants; antidiuretic agents; antidiarrheals; antihista- 
mines; antiinflammatory agents; antimigraine prepara- 
tions; antinauseants; antineoplastics; antiparkinsonism 
drugs; antipruritics; antipsychotics; antipyretics, anti- 

10 spasmodics; anticholinergics; sympathomimetics; xan-. 
thine derivatives; cardiovascular preparations including 
calcium channel blockers and beta-blockers such as 
pindolol and antiarrhythmics; antihypertensives; diuret- 
ics; vasodilators including general coronary, peripheral 

15 and cerebral; central nervous system stimulants; cough 
and cold preparations, including decongestants; hor- 
mones such as estradiol and other steroids, including 
corticosteroids; hypnotics; immunosuppressives; mus- 
cle relaxants; parasympatholytics; psychostimulants; 

20 sedatives; and tranquilizers. Suitable pharmaceuticals 
for parenteral administration are well known as is exem- 
plified by the Handbook on Injectable Drugs , 6th edition, 
by Lawrence A. Trissel, American Society of Hospital 
Pharmacists, Bethesda, Maryland, 1990. 

25 [0020] In two particularly preferred embodiments the 
therapeutic agents for administration in conjunction with 
the bioerodible polymers of the invention are antibacte- 
rial agents for the treatment of deep wounds, and anti- 
biotics for periodontal treatment (e.g., tetracycline). Oth- 

30 er preferred drugs for use with the presently disclosed 
polymers include proteinaceous drugs such as epider- 
mal growth factors or growth hormones. 
[0021] Depending on dosage form, the pharmaceuti- 
cal compositions of the preceding section may be ad- 

35 ministered in different ways, i.e., parenterally, or topical- 
ly. Preferred dosage forms are liquid dosage forms 
which can be administered parenterally. 
[0022] The copolymers, upon contact with body fluids 
including perspiration, or saliva (depending upon the 
mode of administration), undergoes gradual bioerosion 
with concomitant gradual exposure of the dispersed 
drug to the afflicted tissue. This can result in prolonged 
delivery (over, say 1 to 10,000 hours, preferably 2 to 
1000 hours) of effective amounts (say, 0.0001 mg/kg/ 

45 hour to 10 mg/kg/hour) of the drug. This dosage form 
can be administered as is necessary depending on the 
subject being treated, the severity of the affliction, and 
the judgment of the prescribing physician. 
[0023] Topical application can be enhanced by occlu- 

50 sion, i.e., placing a barrier over the area treated so as 
to enhance absorption into the skin. Topical administra- 
tion is preferred for wound healing and in the treatment 
of periodontal disease. 

[0024] The following examples illustrate the claimed 
55 invention. 
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Example 1 

LIQUID COPOLYMERS OF e-C AP ROLACTON E/L(-) 
LACTIDE @ 45/55 BY MOLE PERCENT INITIAL 
COMPOSITION 5 

[0025] A flame dried, 250 ml, round bottom single 
neck flask was charged with 51 .36 gm (0.45 mole) of e- 
caprolactone, 79.27 gm. (0.55 mole) of L(-)lactide, 
0.735 milliliters of propylene glycol (USP grade), and 10 
0.101 milliliters of stannous octaote (0.33 molar in tolu- 
ene). The flask was fitted with a flame dried mechanical 
stirrer. The reactor flask was purged with nitrogen three 
times before venting with nitrogen. The reaction mixture 
was heated to 160°C and maintained at this tempera- 15 
ture for about 20 hours. The copolymer was dried under 
vacuum 13,33 Pa (0.1 mm Hg) at 110°C for about 7 
hours to remove any unreacted monomer. The copoly- 
mer had an inherent viscosity of 0.22 dl/g in hexafluor- 
oisopropanol (HFIP) at 25°C. The copolymer was a liq- 20 
uid at room temperature. The mole ratio of poly[e-capro- 
lactone]/poly[lactide]/caprolactone/propylene glycol es- 
ter was found to be 44.8/50.8/1.2/3.2 by NMR. 

Example 2 25 

LIQUID COPOLYMERS OF e-CAPROLACTONE/L(-) 
LACTIDE @ 40/60 BY MOLE PERCENT INITIAL 
COMPOSITION 

30 

[0026] The procedure in Example 1 was substantially 
repeated, except that 45.66 gm (0.40 mole) of E-capro- 
lactone, 86.48 g (0.60 mole) of L(-) lactide were used. 
The copolymer was dried under vacuum 13,33 Pa (0.1 
mm Hg) at 110°C for about 7 hours to remove any un-. 35 
reacted monomer. The copolymer had an inherent vis- 
cosity of 0.38 dl/g in hexafluoroisopropanol (HFIP) at 
25° C. The copolymer was a liquid at room temperature. 
The mole ratio of poly[e-caprolactone)/poly [lactide]/ 
caprolactone/propyleneglycol ester was found to be *o 
40.0/54.2/1 .9/3.9 by NMR. 

Example 3 

LIQUID COPOLYMERS OF E-CAPROLACTONE/L(-) 45 
LACTIDE @ 35/65 BY MOLE PERCENT INITIAL 
COMPOSITION 

[0027] The procedure in Example 1 was substantially 
repeated, except that 39.95 gm (0.35 mole) of E-capro- 50 
lactone, 93.68 g (0.65 mole) of L(-) lactide are used. The 
copolymer was dried under vacuum 13,33 Pa (0.1 mm 
Hg) at 1 1 0°C for about 7 hours to remove any unreacted 
monomer. The copolymer had an inherent viscosity of 
0.19 dl/g in hexafluoroisopropanol (HFIP) at 25°C. The 55 
copolymer was a liquid at room temperature. The mole 
ratio of poly[E-caprolactone]/poly[lactide]/caprolactone/ 
propyleneglycol ester was found to be 35.6/54.2/1.2/3.7 



by NMR. 
Example 4 

LIQUID COPOLYMERS OF £-CAPROLACTONE/L(-) 
LACTIDE @ 45/55 BY MOLE PERCENT INITIAL 
COMPOSITION 

[0028] The procedure in Example 1 was substantially 
repeated, except that 6.0 milliliters of glycerol (USP. 
grade) was used instead of 0.735 milliliters of propylene 
glycol. The copolymer was dried under vacuum 13,33 
Pa (0.1 mm Hg) at 110°C for about 7 hours to remove 
any unreacted monomer. The copolymer had an inher- 
ent viscosity of 0.12 dl/g in hexafluoroisopropanol 
(HFIP) at 25°C. The copolymer was a liquid at room tem- 
perature. The mole ratio of poly[E-caprolactone]/poly 
[lactidej/caprolactone/glycerol ester was found to be 
46.5/43.6/2.2/7.7 by NMR. 

Example 5 

LIQUID COPOLYMERS OF e-CAPROLACTONE/L(-) 
LACTIDE @ 40/60 BY MOLE PERCENT OF INITIAL 
COMPOSITION 

[0029] The procedure in Example 4 was substantially 
repeated, except that 45.66 gm (0.40 mole) of E-capro- 
lactone, 86.48 g (0.60 mole) of L(-) lactide were used. 
The copolymer was dried under vacuum 13,33 Pa (0.1 
mm Hg) at 110°C for about 7 hours to remove any un- 
reacted monomer. The copolymer had an inherent vis- 
cosity of 0.11 dl/g in hexafluoroisopropanol (HFIP) at 
25°C. The copolymer was a liquid at room temperature. 
The mole ratio of poly[e-caprolactone] /polyflactide]/ 
caprolactone/glycerol ester was found to be 
40.4/49.0/1.7/8.9 by NMR. 

Example 6 

LIQUID COPOLYMERS OF £-CAPROLACTONE/L(-) 
LACTIDE @35/65 BY MOLE PERCENT INITIAL 
COMPOSITION 

[0030] The procedure in Example 4 was substantially 
repeated, except that 39.95 gm (0.35 mole) of E-capro- 
lactone, 93.68 g (0.65 mole) of L(-) lactide were used. 
The copolymer was dried under vacuum 13,33 Pa (0.1 
mm Hg) at 110°C for about 7 hours to remove any un- 
reacted monomer. The copolymer had an inherent vis- 
cosity of 0.12 dl/g in hexafluoroisopropanol (HFIP) at 
25°C. The copolymer was a liquid at room temperature. 
The mole ratio of poly[E-caprolactone] /poly[lactide]/ 
caprolactone/glycerol ester was found to be 
36.3/54.5/1.3/7.9 by NMR. 
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Claims 

1. A liquid copolymer comprising from 55 to 70 mole 
percent lactide and from 45 to 30 mole percent e- 
caprolactone, wherein the liquid copolymer is in liq- 
uid form at 25°C and has an intrinsic viscosity be- 
tween 0.05 dl/g and less than 0.8 dl/g as determined 
in a 0.1 g/dl solution of hexafluoroisopropanol at 
25°C. 

2. The copolymer of claim 1 wherein the amount of lac- 
tide in the copolymer is in the range of 55 to 65 mole 
percent and the amount of e-caprolactone is in the 
range of 45 to 35 mole percent. 

3. The copolymer of claim 1 or claim 2 wherein the in- 
trinsic viscosity of the copolymer is between 0.05 
dl/g and 0.3 dl/g. 

4. Pharmaceutical composition comprising the copol- 
ymer of any one of claims 1 to 3 admixed with one 
or more therapeutic agents. 

5. Pharmaceutical composition according to claim 4 in 
a dosage form selected from sustained release 
parenterals, bioerodible ointments, gels and 
creams. 

6. A surgical suture coated with a copolymer accord- 
ing to. any one of claims 1 to 3. 

7. A surgical needle coated with a copolymer accord- 
ing to any one of claims 1 to 3. 

8. A medical device lubricated with a copolymer ac- 
cording to any one of claims 1 to 3. 

Patentanspruche 

1. Flussiges Copolymer, umfassend von 55 bis 70 
Molprozent Lactid und von 45 bis 30 Molprozent e- 
Caprolacton, dadurch gekennzeichnet, dafi das 
flussige Copolymer bei 25°C in flussiger Form vor- 
iiegt und eine intrinsische Viskositat zwischen 0,05 
dl/g und weniger als 0,8 dl/g aufweist, wie bestimmt 
in einer 0,1 g/dl Losung von Hexafluoroisopropanol 
bei 25°C. 

2. Copolymer nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Menge an Lactid in dem Copoly- 
mer in dem Bereich von 55 bis 65 Molprozent und 
die Menge an e-Caprolacton in dem Bereich von 45 
bis 35 Molprozent liegt. 

3. Copolymer nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, dafi die intrinsische Viskositat des 
Copolymers zwischen 0,05 dl/g und 0,3 dl/g liegt. 



4. Pharmazeutische Zusammensetzung, umfassend 
das Copolymer nach einem der Anspruche 1 bis 3, 
beigemischt mit einem oder mehreren therapeuti- 
schen Agenz(ien). 

5 

5. Pharmazeutische Zusammensetzung nach An- 
spruch 4 in einer Dosierungsform ausgewahlt aus 
Parenteralien mit verzogerter Freigabe, bioerodier- 
baren Salben, Gels und Cremes. 

w 

6. Chirurgische Naht, beschichtet mit einem Copoly- 
mer nach einem der Anspruche 1 bis 3. 

7. Chirurgische Nadel, beschichtet mit einem Copoly- 
15 mer nach einem der Anspruche 1 bis 3. 

8. Medizinische Vorrichtung, geschmiert mit einem 
Copolymer nach einem der Anspruche 1 bis 3. 

20 

Revendications 

1 . Un copolymere liquide comprenant de 55 a 70 mo- 
les pour cent de lactide et de 45 a 30 moles pour 

25 cent de e-caprolactone, ou le copolymere liquide est 
sous forme liquide a 25°C et presente une viscosite 
intrinseque entre 0,05 dl/g et moins de 0,8 dl/g tel 
que determinee dans une solution a 0, 1 g/dl d'hexa- 
fluoroisopropanoi a 25°C. 

30 

2. Le copolymere de la revendication 1 , dans lequel la 
quantite de lactide dans le copolymere est dans la 
gamme de 55 a 65 moles pour cent et la quantite 
de E-caprolactone est dans la gamme de 45 a 35 

35 moles pour cent. 

3. Le copolymere de la revendication 1 ou de la reven- 
dication 2, dans lequel la viscosite intrinseque du 
copolymere est entre 0,05 dl/g et 0,3 dl/g. 

40 

4. Composition pharmaceutique comprenant le copo- 
lymere d'une quelconque des revendications 1 a 3 
melange avec un ou plusieurs agents therapeuti- 
ques. 

45 

5. Composition pharmaceutique selon la revendica- 
tion 4 dans une forme galenique choisie parmi pro- 
duits parenteraux a liberation prolongee, pomma- 
des bioerodables, gels et cremes. 

50 

6. Une suture chirurgicale revetue d'un copolymere 
selon une quelconque des revendications 1 a 3. 

7. Une aiguille chirurgicale revetue d'un copolymere 
55 selon une quelconque des revendications 1 a 3. 

8. Un dispositif medical lubrifie avec un copolymere 
selon. une quelconque des revendications 1 a 3. 



